Objective: This study examines the impact of a short-term exercise programme, prescribed on the basis of current exercise recommendations, on energy balance in males and females to assess whether this type of exercise induces compensatory changes in spontaneous activity energy expenditure (SAEE) and energy intake (EI). Design: Individuals were monitored for 16 days, 8 days of habitual physical activity (C) and 8 days when exercise was imposed (E). Total energy expenditure (TEE) was calculated from individual relationships of V O 2 and V CO 2 to heart rate (HR) records of HR and physical activity obtained during waking hours of the C and E periods and basal metabolic rate (BMR) measurements (Deltatrac System, Datex Instrumentation). Changes in nude body mass (BM) were estimated by using a digital scale (Sartorius AG, Gottigen, Germany). Setting: Laboratory and free-living. Subjects: Eight lean females (body fat: 17.574.5%) and eight males of similar percentage body fat participated in this study. All subjects were Caucasian and aged between 20 and 25 years. Intervention: During the E period, a supervised exercise session was conducted every second day, each consisting of a total net energy expenditure of 2092 kJ þ BMR at 90% lactate threshold. Results: During the E period, TEE was higher than C in males and females (exercise: 95.2713.9, 78.3715.9 MJ; control: 82.4710.4, 68.8716.7 MJ, respectively; Po0.00; P ¼ 0.02). SAEE, calculated as TEE minus the energy expended during exercise, was not significantly different between C (males: 82.474.8 MJ; females: 68.877.6 MJ) and E (males: 86.876.3 MJ; females: 70.077.2 MJ) periods in either gender. Males showed no change in BM over the C (pre-intervention: 83.477.2 kg; post-intervention: 83.176.8 kg) or E (pre-intervention: 83.476.8 kg; post-intervention: 83.476.8 kg) periods. Females' BM over the C period did not alter (pre-intervention: 63.372.8 kg; post-intervention 63.773.1 kg); however, there was a significant decrease (Po0.00) in BM over the E period (pre-intervention: 63.072.7 kg; post-intervention: 62.472.7 kg). Conclusion: The exercise programme was achieved in males and females without any impact on SAEE. Therefore, differences between genders in relation to BM reduction can be explained by differences in the EI response to exercise.
Introduction
The negative health consequences of obesity are well documented (Pi-Suyner, 1993; Sturm and Wells, 2001 ) and the costs of treating this disease are of a magnitude as to potentially overwhelm the health-care systems of many countries (Wolf and Colditz, 1998) .
Despite the immense popularity of dieting, the effectiveness of these programmes has been questioned (Miller, 1999) . Obesity treatments that rely solely on dieting have poor long-term outcomes; within 2 or 3 years most dieters regain all of the weight they have lost (Kramer et al., 1989; NIH Conference Panel, 1996) . Owing to such discouraging results, there has been increasing emphasis on exercise as a treatment component. Increases in energy expenditure (EE), due to exercise, can create a negative energy balance that leads to a reduction in body fat (Segal and Pi-Suyner, 1989; Bouchard et al., 1993) . Substantial weight losses can occur with exercise alone (Gwinup, 1975; Slentz et al., 2004) , with a dose-response relationship observed between the amount of weekly exercise and the amount of weight change (Slentz et al., 2004) . However, the results of exercise trials are frequently disappointing, with participants undertaking marathon training not achieving the theoretical weight loss associated with the large increase in EE (Westerterp et al., 1992) . It has been suggested that compensation for the energy expended during the exercise sessions might be through reduction in spontaneous activity energy expenditure (SAEE) (Goran and Poehlman, 1992; Kempen et al., 1995) , an increase in energy intake (EI) (Staten, 1991; King et al., 1996) or a combination of both (Andersson et al., 1991) .
Such compensatory responses negate the beneficial effects of the increased EE of exercise and may even result in a positive energy balance and weight gain. While there is a need to understand such compensatory responses and their underlying mechanisms, examination of EI is complicated by the fact that dietary intake methodology consistently under-reports EI across the population (Trabulsi and Schoeller, 2001) .
Obesity has proven to be a complex and difficult disorder to treat, and it has been suggested in recent years that it may be more useful to ask how the minority avoids obesity (Peters et al., 2002) . As a result, focus has now turned to preventive measures in order to avoid further escalation of unhealthy weight gain. As prevention may be more effective than cure, it may be advantageous to gain an insight into the effects of exercise on energy balance in lean individuals who are successful at maintaining a healthy body mass (BM), in order to develop an understanding of the mechanisms underlying successful weight maintenance. In addition, as the impact of exercise on weight loss/maintenance appears to differ between males and females Andersson et al., 1991; Saris et al., 2003) it is necessary to verify the effects of current recommendations of 315-420 min/week of moderate physical activity separately for males and females (Saris et al., 2003) .
The aim of this study was to examine the impact of current exercise recommendations (Saris et al., 2003) on energy balance in lean females. In order to add to the limited body of literature examining gender-specific responses in the regulation of energy balance, a group of males were also studied. This group had a similar percentage of body fat as that of the females to remove this as a confounding factor (Andersson et al., 1991) , and were analysed separately. In order to be able to monitor closely the activity patterns of subjects, the study was conducted over an 8-day period, during which the subjects were totally unaware of the fact that EI was an outcome of the study and thus EI was ad libitum.
Methods

Subjects
Sixteen Caucasian males (eight) and females (eight) of similar percentages of body fat participated in this study. Descriptive characteristics of the participants are given in Table 1 . Physical activity patterns reflected by V O 2peak expressed per kg BM did not differ between genders, and at the onset of the experiment there were no significant differences between genders in basal metabolic rate (BMR) when expressed per kg lean BM ( Participants were non-smokers, free from metabolic disease and were not taking any form of medication. Individuals were required to be weight stable for 2 months prior to testing, and leading a moderate activity lifestyle that involved no regular exercise. Female participants were required to be eumenorrhoeic, with consistent recurrence of menses at 25-32-day intervals. All measurements in females were made in the follicular phase of the menstrual cycle. The study was conducted in accordance with the Declaration of Helsinki, approved by the Local Ethics Committee.
Study design
Individuals were monitored for 16 days, 8 days of habitual physical activity (control, C) and 8 days when exercise was imposed (exercise, E). C and E were counter-balanced and Exercise and energy balance in men and women R McLaughlin et al separated by at least a week for the males and a full menstrual cycle for the females. Prior to the control period, determination of the relationship of V O 2 and V CO 2 to heart rate (HR) during active and inactive conditions was established and body fatness was determined. Exercise intensity was established from lactate threshold (LT). During the exercise period participants attended four supervised exercise sessions, and during the control period they were monitored under conditions of habitual physical activity. (On average, PAL over 8 days of the control period was 1.570.2 for males and 1.570.3 for females.) They were also required to wear HR monitors continuously during the waking hours of the control and exercise periods (difficulties were experienced with subjects wearing the watches throughout sleep, with all the data being lost when the monitor was switched off) and record activities in 24-h physical activity diaries. Nude BM and BMR were measured on the day before and the day after control and exercise periods.
Preparation for trials Determination of VO 2peak and lactate threshold. The protocol adopted for determination of V O 2peak and LT was adopted from a treadmill protocol developed by Jones (1998) . Participants were required to cycle on a friction-braked cycle ergometer (Monark 324E, Stockholm, Sweden). The initial load was set at 60 W and increased by 15 W at the end of each 3-min stage. The participant kept a constant pedal cadence of 60 r.p.m. Throughout the test, expired gas was collected and analysed via an online gas analysis system (Oxycongamma, Mijnhardt B.V, Holland). Heart rate was determined throughout the test by a HR monitor. During the last minute of each 3-min stage, a fingertip capillary blood sample was taken from the index finger of the right hand in order to determine blood lactate concentration. The blood sample was analysed instantly using Lactate Pro (Arkray Company, Japan). When blood lactate concentration displayed a visually increased breakpoint, a further two stages were undertaken. On cessation of blood sampling, the 15-W increments continued every minute until volitional exhaustion and the determination of V O 2peak . Lactate threshold was confirmed using linear regression analysis according to the intersection of two best-fitting lines (Beaver et al., 1985) .
Determination of the relationship of VO 2 and VCO 2 to heart rate during active and inactive conditions. The approach of Moon and Butte (1996) was used to establish the relationship between V O 2 and V CO 2 to HR during active and inactive conditions. This method combines HR and physical activity measures with non-linear and discontinuous models to predict EE, giving V O 2 and V CO 2 prediction errors of 3.373.5 and 4.673.0%, respectively. Participants were asked to avoid strenuous activities on the day of testing and the day prior to testing. All calibrations were carried out after a 12-h fast. V O 2 and V CO 2 were measured via a mouthpiece connected to an online gas analysis system (Oxycongamma, Mijnhardt BV, Netherlands) over 60-s intervals. Heart rate was recorded with a HR monitor (Polar Vantage NV, Polar Electro Oy, Kempele, Finland) at 60-s intervals throughout inactive and active conditions. The activities performed were sitting, standing still, standing while shifting body weight from side to side, walking on a treadmill at self-selected paces equivalent to strolling and then a brisk walk, stepping at 60 steps per minute (step height 32 cm) and cycling at 60, 75, 90 and 105 W. A metronome was used to achieve a steady-state condition during the stepping condition. All activities were performed for 5 min (excluding sitting, which was carried out for 1 h), were conducted in the consecutive order as listed above, and all were below LT. For the inactive condition (sitting and driving), values for V O 2 and V CO 2 were plotted against HR using the following equation:
, where a and b are coefficients. For the active conditions (all other activities other than sleeping), the mean V O 2 and V CO 2 values for the last minute of each of the 5-min sections were used as the calibration point and plotted against HR. For each participant linear regressions of HR were fitted to V O 2 and V CO 2 in the form V O 2 ¼ a þ b Á HR and V CO 2 ¼ a þ b Á HR, where a and b are coefficients.
Trial periods Exercise sessions. Exercise was performed on a frictionbraked cycle ergometer (Model 824E, Monark Exercise AB, Sweden) at a cadence of 60 r.p.m., and at a load that elicited 90% of LT. Exercise duration was calculated to expend B2092 kJ plus the BMR for the exercise period (recommended as the EE required to prevent weight gain (Saris et al., 2003) ). Exercise sessions were conducted on days one, three, five and seven of the exercise period. Exercise sessions were performed at least 2 h postprandially and before the subject had lunch. Individuals were allowed to drink water during the exercise sessions and any residual loss was rectified by replacement with a 20 mmol/l 1 sodium-chloride solution at a volume reflecting 150% of the loss in BM (Mitchell et al., 1994) . No other constituents were in solution.
Assessments Basal metabolic rate. Measurements were made in the morning after a 12-h fast and 24-h abstention from exercise, using Deltatrac (Datex Instrumentation Corporation, Helsinki, Finland). Temperature was controlled between 21 and 231C. After 10 min supine rest, measurement was made for 30 min and V O 2 and V CO 2 values were determined every 60 s. Basal metabolic rate (kJ.kg LBM À1 24 h
À1
) was automatically calculated from the V O 2 and V CO 2 values using the equation. The average of the values was deemed to be the BMR.
Anthropometry. Body mass was measured to the nearest 0.01 kg using a digital scale (Sartorius AG, Gottigen, Germany). Height was measured to the nearest 0.1 cm with Exercise and energy balance in men and women R McLaughlin et al an anthropometric plane (Seca Ltd, Birmingham, UK). BF was estimated from the skinfold thickness measurements at four specified sites (Durnin and Womersley, 1974) . Calculation of energy expenditure. V O 2 and V CO 2 were derived from the minute by minute recorded HR by reference to each participant's regression line. V O 2 and V CO 2 values were then used to calculate EE (Weir, 1949) . The continuity of HR data was occasionally broken due to loss of electrode contact or the introduction of spuriously high values due to electrical interference. Spikes above maximal HR and HR below 40 b.p.m. were removed. If any other aberrant readings were observed, they were replaced by the average of the value before and the value after. If more than four aberrant values occurred in succession, the mean HR value was extrapolated from the same activity (as shown from the activity diary) from another part of the day or the next available day. Heart rate values for each day were first matched with the relevant activity from the self-reported activity diaries (Pols et al., 1995) , which were divided into 5-min intervals. Activities were classified into sleeping, sitting, standing, walking, self-care, home activities, driving and exercise. Participants were also able to classify miscellaneous activities that were not already included. Activities were then divided into two classifications: inactive (sitting including driving) and active (all other activities excluding sitting, driving and sleeping). The inactive component is referred to as sedentary energy expenditure (SEDEE) and the active component as active energy expenditure (AEE). Energy expenditure was then calculated from the individual regression equations. Sleeping metabolic rate was estimated to be 95% of BMR (Goldberg et al., 1988) and is referred to as sleeping energy expenditure (SEE).
Statistical analyses. Statistical analyses were performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA). Measures of total energy expenditure (TEE), SEE, SEDEE, AEE and SAEE (TEE minus the net energy cost of exercise) over the 8 days were compared between control and exercise using paired t-tests, as were BM and BMR comparisons between pre-and post-8-day periods. Significance level was set at (Po0.05). Data are presented as mean7s.d., except on the graphs where mean7s.e.m. is presented.
Results
Over the period of 8 days, the energy cost of prescribed exercise excluding BMR amounted to 8.4 MJ. The intensity prescribed, 90% LT, was equivalent to 59% V O 2max in females and 48% V O 2max in males. Exercise sessions led to a significant increase in TEE in both females (P ¼ 0.02) and males (Po0.00) (Figure 1 ). The average increase in TEE, including the net energy cost of exercise over 8 days of E, was 9.673.3 and 12.875.5 MJ in females and males, respectively.
Although the increase in TEE during E period was higher than the EE of the prescribed exercise; this difference was not significant in either case. Nor was there any significant differences in AEE, SEDEE or SEE between C and E in either gender. This was also not significant when these components were combined and expressed as SAEE (females: C 68.877.6, E 70.077.2; males C 82. 474.8, E 86.876.3 MJ) .
Body mass and BMR did not change over the C or E period in males. Body mass did not change during the C period in females, but was decreased during the E period (Po0.00). Basal metabolic rate did not change in the E period in females; however, there was an increase in BMR during the C period (P ¼ 0.02) ( Table 2) .
Discussion
The main finding of this study is that neither lean females nor males compensate for an 8-day exercise programme with an energy cost of 8.4 MJ by reducing SAEE. However, whereas males maintained BM, females experienced a BM reduction. 
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In females, the finding of an increase in TEE with no decrease in average SAEE between experimental periods is in line with Stubbs et al. (2002b) ; however, the BM loss in this study is a new finding and may have arisen as a result of EI not increasing to match the increased EE. This is consistent with an increasing body of literature that has examined the acute effects of exercise on EI and suggests that there is no increase in EI as a result of an exercise-induced energy deficit (Reger et al., 1984; Thompson et al., 1988; Kissileff et al., 1990; Staten, 1991; King et al., 1994 King et al., , 1996 King et al., , 1997 King and Blundell, 1995; Imbeault et al., 1997; Westerterp-Plantenga et al., 1997; Lluch et al., 1998; Stubbs et al., 2002b) . This would not be expected to continue indefinitely, as at some critical point a regulatory mechanism must trigger an increase in EI in order to match EE (Melzer et al., 2005) .
Indeed, longer-term training studies Tremblay et al., 1984; Janssen et al., 1989) have suggested that females do not lose BM, whereas males do. In none of these studies, however, was physical activity measured along with the formal exercise, and it is unknown whether this aspect remained stable. If it reduced, then the TEE would not be elevated and no change in BM would be expected. Alternatively, it may be that the energy deficit experienced by the females in the short term is not sustainable and an overcompensation of body fat storage occurs as the exercise programme progresses.
A direct measure of EI was not undertaken in the current study, in order to avoid behavioural change and to attempt to mimic ad libitum feeding; however, an estimate of EI can be made using the formula of Forbes et al. (1986) . Using the average BM loss figure of 0.6 kg in the females over the E period requires an energy deficit of 15.72 MJ. Of this, 9.6 MJ (61%) is accounted for by the increase in TEE. The remaining reduction in BM must have occurred due to a decrease in EI of 6.12 MJ over the 8-day period. Thus, it is clear that females not only do not compensate for the additional EE of exercise by eating more but also may reduce their energy intake below habitual level.
The reason for the lack of EI compensation and indeed an apparent repression of EI in the female subjects of the current study may be due to the fact that in order to equate percentage body fat across the genders and thus remove this as a confounding factor, the females had a relatively low body fat (17.5%) for a moderately active population, and it is possible that they were restrained eaters and carefully controlled their EI even when exercising (Lluch et al., 1998) . Mitigating against this, however, is the observation that because there was no loss in BM in the control period, it can be assumed that EI on average was 81 MJ (i.e. that of EE), or approximately 10 MJ/day. This figure is above the estimated average requirement of 9.2 MJ/day for comparable women (DoH, 1991) .
Therefore, the reason for the females in our study not compensating may relate to observations made at low levels of EI (semi-starvation and starvation), where a decrease in physical activity results in a sparing effect on total energy balance (Gibney, 2001; Johnstone, 2001) . These studies have suggested that the rate of compensatory change in energy balance will be a function of the initial rate of change of energy balance (Gibney, 2001; Johnstone, 2001) . If a similar response is seen with EE, a large increase in PA or imposed exercise will induce compensatory responses. Therefore, it is important to prescribe exercise that increases progressively and does not activate compensatory mechanisms that negate the beneficial effects of the additional EE of exercise. The enforced rest days within the current study as opposed to Stubbs et al. (2002b) and Staten (1991) may represent a more gradual introduction to females who do not currently undertake regular exercise and suggests a relatively modest intervention if no compensation is the desired outcome.
The BMR increase over the control period in females in the current study is possibly due to the effect of menstrual cycle phase. It is known that there is a sudden drop at the beginning of the menstrual period followed by a gradual return to normal values within 7-10 days (Solomon et al., 1982) . This time period reflects the trial time. The reason that this was not reflected in the experimental period must be an interaction of the exercise, although the mechanisms are unclear.
Many of the hormones implicated in energy balance are secreted from the adipose tissue (Mohamed-Ali et al., 1998) and therefore, in order to elucidate true gender differences, males and females in this study were matched for percent body fatness. In addition, physical activity patterns did not differ and EE was equated in terms of both calorific volume and metabolic load. Under these conditions males responded similarly to females, showing no decline in SAEE with imposed exercise; however, the males did not lose BM. This implies that compensation for the increased EE was derived from an increase in EI. This increase in EI concurs with Staten (1991) , but contrasts with findings demonstrating that males decrease SAEE in response to moderate exercise over 7 days (Stubbs et al., 2002a) and do not increase EI. The reason for the compensation occurring within SAEE in the latter study may again be related to the volume of exercise, with participants exercising twice a day everyday for 7 days (Stubbs et al., 2002a) compared with one session every second day in the present study (11.2 MJ over 7 days as opposed to 8.4 MJ over 8 days, respectively). The twice a day regimen inevitably promotes fatigue and Stubbs et al. (2002a) identified this within the 7-day programme.
The data of this study would therefore suggest that when subjects are not alerted to EI being an outcome, a gender difference exists in the response to an exercise load and the difference is not due to differences in the percentage of adipose tissue. However, before a genuine gender difference can be identified, consideration should be given to the workloads imposed. The genders in this study were matched according to the metabolic load (LT); however, as a consequence, the cardiorespiratory (V O 2max ) load and HR during exercise were higher in females than males. A different response may have been identified if subjects had exercised at a similar percentage of V O 2max .
In conclusion, the volume of exercise imposed in the current study (8.4 MJ/week) was within the range of EE (6.5-9.2 MJ/week) recommended to prevent unhealthy weight gain (Saris et al., 2003) . The exercise programme was achieved in males and females without impacting on SAEE. Body mass was maintained in males but not females. This infers that females did not increase their EI in response to the imposed exercise, whereas males did.
